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Abstract 
This work summarizes the preparation of two dimensional WO3 nanostructures by hydrothermal method and their 
NO2 sensing characterization in the ppb level (90-310 ppb). WO3 ultra-thin nanoplates with 100 nm of lateral size and 
about 10 nm of thickness were synthesized and characterized. Hydrothermal treatment (180°C, 48 hours) was carried 
out on tungstic acid which obtained by direct precipitation of sodium tungstate dihydrate in hydrochloric acid. The 
morphology of the obtained WO3 was observed by SEM and TEM and their crystal structures were determined by X-
ray diffraction (XRD). Thick films (~ 5 μm and 20 μm) of the synthesized WO3 were prepared by screen-printing, the 
NO2 sensing characterizations of the sensors in the ppb level (90-310 ppb) were performed under different operating 
conditions (temperature from 200°C to 280°C and relative humidity from 0% to 100%). The sensitivity of the 
sensors, response and recovery times are reported and discussed.  
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Tungsten trioxide has attractive electrical and optical properties. Its electrical properties and reactivity 
to oxidizing gases make it one of the best candidates for gas sensor applications [1-3]. WO3 has been 
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obtained under different forms using different methods such as sputtering [2], chemical vapor deposition 
[4] and sol gel [5]. In this paper, we used a chemical route combined with hydrothermal process to 
synthesize ultra-thin WO3 nanoplates aiming at the NO2 detection in the ppb level. The obtained 
nanomaterial was used as a sensitive coating in the preparation of the sensors.  
2. Experimental  
2.1. Characterization 
The morphologies of the tungsten oxide nanoplates were observed by TEM (TEM, Philips CM200, 
120 kV) and SEM (SEM, Philips XL20, 20kV). The crystal structure of the prepared nanopowder and 
WO3-films was defined by X-Ray diffraction at room temperature (XRD, Siemens D5000) using CuKα 
radiation with 2T scanning rate of 1°/min.  
2.2. Synthesis of two dimensional WO3 nanoplates   
100 g of sodium tungstate dihydrate (Na2WO4.2H2O Sigma Aldrich solution) was dissolved in 500 mL 
of deionized water, the prepared solution (0.5 M of Na2WO4) was heated at 80°C and then 3M of 
hydrochloric acid was added drop by drop until the formation of a white precipitate (pH~1). The solution 
was placed into a glass tube and then transferred into an autoclave (Parr instrument serial 17340201C). 
The hydrothermal treatment was carried out at 180°C for 48h. The resulting nanopowder was washed 
with deionized and then centrifuged and dried in air at 300 °C for 4 hours. 
2.3. Preparation of WO3-coating (sensors) and NO2 sensing measurements   
The synthesized WO3 nanopowders were dispersed in terpineol using sonication. The dispersion was 
screen printed on alumina substrates fitted with gold electrodes and a platinum heating element [3]. The 
prepared sensors were annealed at 400°C for 12 hours. For gas sensing tests, WO3 coatings are heated at 
200°C for 24 hours in ambient air before exposure to the gases into a Teflon chamber (the setup is 
reported in reference [2]). 
 
3. Results and discussions  
The morphology of WO3 was observed by TEM. A typical TEM image recorded on the studied 
samples is shown in Fig. 1(a). We can observe nanoplates that in average have 100 x 100 nm. The 
thickness of the nanoplates is inferior to 10 nm. Fig. 1(b) shows the XRD patterns of both WO3 nanoplates 
(as synthesized) and WO3 nanoplates coating annealed at 400°C in air for 12 hours. The crystal phases are 
attributed to monoclinic WO3 (JCPDS 043-1035).  
 
The response of WO3 sensors (sensors (a) and (b) with thicknesses of 5 μm and 20 μm respectively) 
were measured when these were exposed to NO2 (90-310 ppb) at different working temperatures (200-
280°C) at 50% relative humidity. Fig. 2(a) shows that the resistance evolution of the sensors versus 
working temperature in air and in contact with NO2 (90-310 ppb) has a linear behavior. As seen in Fig 
2.(b) and (c), the sensors have a high sensitivity (ΔR/R) and rapid response time to a few ppb NO2 (CNO2 ≤ 
310 ppb) at working temperature range of 200-240°C. The effect of humidity on the base line resistance 
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and on the sensitivity was also studied at working temperatures ranged in 200-280°C. As seen in Fig. 2 
(d), when the relative humidity is below 20%, the base line resistance of the sensors is decreased, while at 
relative humidity superior to 20% (RH from 20% to 100%), the change in the resistances and sensitivity 
of the sensors versus relative humidity in air and in contact with NO2 were insignificant. 
 
 
 
Fig. 1. (a) TEM images of WO3 nameplates synthesized by hydrothermal after drying and annealing in air at 305°C for 12 hours; (b) 
XRD patterns of (*) WO3 nanoplates powder as synthesized and (**) WO3 nanoplates film annealed in air at 400°C for 12 hours. 
 
   
  
 
Fig. 2. (a) Resistance variation of WO3 sensors versus working temperature in air and in contact with 310 ppb NO2 at 50 % relative 
humidity; (b) Sensitivity (ΔR/R) of WO3 sensors versus working temperature in contact with 90 and 310 ppb of NO2 at 50 % relative 
humidity; (c) Response of WO3 nanoplates sensors to NO2 at 240°C (CNO2= 90 ppb, 130 ppb, and 310 ppb; RH= 50%), (d) 
Resistance variation of WO3 sensors at 220°C versus RH (20°C; from RH= 0% to 100%) in air and in contact with 90-310 ppb NO2. 
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4. Conclusions 
Low-dimensional WO3 nanostructures were synthesized and characterized and their sensing properties 
to NO2 in the ppb level were studied. The effect of the thickness of the coating, the humidity and working 
temperature on their NO2 sensing performances in the ppb level were demonstrated.  
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